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W. T. LIBERSON*
Electric shock treatment of mental disorders has considerably
increased its field of application. This treatment is, however, not
without dangers and complications, although the fatalities are
extremely rare."' Among the complications, memory disorders
often associated with profound electroencephalographic changes have
particularly attracted attention of physicians, physiologists, and
psychologists. These changes are usually only temporary. They
suggest, however, the possibility of a structural damage to the brain,
as actually described by some authors.1' 2 8, 5,11
In the classical technic the city current is used (A.C.; 60 per
second; 100-150 volts; short time of application, 0.1-0.4 second).
The electrodes are applied to both temples. Recently an attempt
to change this technic has been made.4' 1 The Friedman-Wilcox-
Reiter (FWR) procedure uses pulses of unidirectional current by
eliminating the alternative oscillation of the city current. The fre-
quency remains the same (60 per second). The time of application
isconsiderably longer (1 to 4 seconds), and the voltage is lower than
in the classical technic. The electrodes are applied unilaterally on
the left temporal region and on the vertex. The total electrical
energy isdecreased.
Although the therapeutic results (at least in involutional melan-
cholia, according to our controls) are approximately the same, the
memory disorders following a complete treatment are considerably
less marked with the FWR technic. Moreover, the EEG changes
after a series of treatments are less pronounced with this method
than with the classical one (Cf. Proctor and Goodwin"2). Thiey are
perfectly symmetrical despite the unilateral application of the cur-
rent. This suggests a physiological mechanism in the production
of the EEGa;bnormality followingthis method of electric treatment.
Unfortunately, patients treated with the FWR technic develop, in
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anatomy and of Pharmacology of Yale University.YALE JOURNAL OF BIOLOGY AND MEDICINE
the absence of an adequate sedation, a considerable anxiety and are
extremely resistive to the treatment.
There has been no attempt to improve the technic of electric
shock therapy on the basis of experimental analysis of the excita-
bilities involved. An increase of the total duration of stimulation
which is associated with unpleasant experience of the patient is,
however, not the only,possibility of decreasing the electrical energy
necessary to produce convulsions, as compared with the energy used
with the classical method. Still better results may be obtained by
changing the duration of each individual pulse of the stimulating
current.
The duration of each pulse of the stimulating current used in
either procedure is considerably larger than the chronaxie of the
cortical motor neurons. These chronaxies are similar to those of
the peripheral motor nerves according to Chauchard, Rizzolo, and
Bourguignon (see Wilson'4). These authors examined the cortical
excitability involved in the eliciting of a single motor response.
The chronaxie of the peripheral human nerve varies between 0.08
and 0.7 millisecond. If the excitability involved in the convulsive
phenomena is the same as the one investigated by the above-men-
tioned workers, the corresponding chronaxie is one-fifteenth, or less,
of the duration of each pulse of the stimulating current used in the
present-day electric shock treatment. It has been suggested8 that
the stimulation effect is obtained with the lowest electrical energy
when the duration of electrical pulses is equal to or below one
chronaxie of the corresponding tissue.
It can be assumed that the lower electrical energy, the fewer
are the chances of producing damage to the brain, other conditions
remaining the same. In other words, there is a theoretical possi-
bility of obtaining convulsions with the duration of each pulse of
the stimulating current shortened at least 15 times and with the
chances of damaging the brain being considerably decreased.
As far as the frequency of stimuli is concerned, there is no defi-
nite experimental data in favor of the 60 per second stimulation.
It is known that the summation effect is a function of the frequency
of stimuli.9' 1 The determination of an optimum frequency may
permit a further decrease of electrical energy used in convulsive
treatment.
For all these reasons an experimental study of optimum values
for the duration and the frequency of stimulating pulses was per-
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formed on animals. This research is of interest not only from a
practical point of view, -but also from the theoretical angle, as it
contributes to our knowledge of the excitabilities involved in elec-
trically produced convulsions.
Method
Stimulators. Two different stimulators have been used for this purpose:
(1) A thyratron stimulator producing condenser discharges of a great variety
of frequency and duration, both of which could be changed independently.
The time constants and the voltages were determined direcdy on a calibrated
cathode-ray oscilloscope. When relatively long time-constant and high fre-
quency of stimulation were used, the form of condenser discharge was distorted
to approximate the "saw tooth" form and the value of the corresponding time-
constant had to be determined with some approximation. (2) A square
wave stimulator with pulses of 1/3 to 20 milliseconds duration. The fre-
quency of stimulation could be varied from 30 to 150 per second. In a few
comparative experiments, the Reiter electric shock machine (FWR technic)
and the Rahm machine (cltssical method) were also used. In all cases the
total time of stimulation was from 0.4 to 0.5 second.
Animals and electrodes. Strength-duration curves and the effect of fre-
quency were determined on 3 rabbits and 5 guinea-pigs. The electrodes
consisted of silver discs of about 1.5 cm. in diameter, covered with electrode
jelly. They were applied on both temples, just behind the eyes. The hair
of these regions had been previously removed by depilation. The skin was
rubbed with the electrode jelly before each stimulation.
Convulsive threshold. It is generally easy to determine the convulsive
threshold. There are, however, a few cases in which the animals showed
muscle phenomena of apparently involuntary nature outlasting the duration
of stimulation, without being engaged in a true generalized convulsion.
These cases were disregarded. The best early index of the convulsive thresh-
old is a progressive extension of the limbs (particularly the upper ones) pre-
ceding generalized convulsive movements. When the animal showed, during
the stimulation, isolated contractions occurring with relatively low frequency
they were not generally followed by generalized convulsion. No systematic
differences in the character of convulsions were found as a function of either
duration or frequency of stimulating pulses. An interval of at least 10 minutes
elapsed between two stimulations.
Results
Duration of each stim'ulus. Whichever stimulator was used,
similar results have been found on both rabbits and guinea-pigs.
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As compared with the duration used in the present-day electric
shock technics, the duration of each stimulus could be decreased by
at least 30 times without reaching twice the rhedbase.
80- Figure 1 shows
the results of 5 70/ experiments con-
60 / ducted on guinea-
pigs using the
50 *Gi stimulator (2).
Table 1 shows the
40- < /average data(from
3 *\
VOLTAGE 70 determinations) 0 *obtainedvwith stim-
20- /ulator (1) in a
typical experiment
on rabbits. The
durations shorter
1 2 3 5 6 7 8 9 10 than a third of a
TIME IVKILLISECOUDS millisecond could
FIG. 1. Strength-duration curve determined for the convulsive
threshold on 5 guinea-pigs. Each point corresponds to an average not be studied with
value found on each animal. Energy is expressed in arbitrary *t r of these units according to the V2t formula. The frequency of stimulation eltine
and the total durati,on were constant (respectively, 60 per second stimulators. and 0.5 second). siuaos
TABLE 1
TIME CONSTANTS OF CONDENSER DISCHARGES
(in milliseconds)*
Time-constants ............... 0.3 1.5 8.0
Threshold peak voltage ..... .......... 59 48 41
* The frequency of stimuli and the total duration of stimulation were constant
(respectively, 80 per second and 0.5 second).
Frequency. Frequencies between 80 and 250 per second were
investigated on two rabbits. Both animals gave practically the same
results, which are illustrated in Figure 2. Stimulator (1) was used.
There is at first a rapid decrease of the voltage necessary to produce
a convulsion with increasing frequencies until a frequency of about
180 per second is reached. Then the threshold (voltage) is stabil-
ized. The minimum of energy is found for 100 to 150 pulses per
second.
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Only two frequencies (60 and 120 per second) were studied on
5 guinea-pigs with stimulator (2). The average data are reported
in Table 2 (45 determinations). The threshold is halved when 60
per second stimulation is replaced by 120 per second frequency. In
other words, only half the energy has to be used with 120 per second
stimulation as compared with 60 per second stimulation.*
TABLE 2
FREQUENCY
(per sec.)*
Frequency .............. 60 120
Threshold peak voltage ...... ........ 37 18
* The duration of each stimulus and the total duration of stimulation were
constant (respectively, 0.6 millisecond and 0.5 second).
Discussion
A convulsion cannot be produced by a single stimulus. Repeated
stimuli have to be used. In such conditions the presence of at least
two excitabilities shouldbe expected. (1) The onewhich determines
the appearance of individual nervous impulses corresponding to each
pulse of the stimulating current. (2) The one which is involved in
the summation of the effects of these impulses in order to reach the
necessary convulsive threshold. The strength-duration curve as
* Here, as above, the energy was not determined directly as the current was not
recorded simultaneously with the voltage during stimulation. The energy was
approximately estimated by the V2t formula. The latter would be true if the
resistance were constant during stimulation. In fact, many factors may change the
resistance during this period. The resistance may decrease with increased voltage
and frequencies. It may increase with increased duration of each stimulus. Other
complicating factors may affect approximate estimates. For instance, the lines of
the electrical force may be more or less superficially distributed according to the
duration of the stimuli. As all of these factors cannot be exactly evaluated, particu-
larly in the cells directly involved in producing the convulsive effect, recourse to an
approximate formula cannot be avoided. However, the range of variation of these
different factors is not sufficiently great as to affect our conclusions. These are
re-enforced by the fact that the strength-duration curve concerning electrical narcosis
is amazingly similar to the one reported in this paper. The electrical narcosis was
previously studied by Van Harreveld, Plesset, and Wiersma6 who recorded the cur-
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determined in this paper characterizes the first excitability. The
second exctability is mainly responsible for the law of frequencies.
The present research shows that both excitabilities correspond to
"rapid" nervous structures. The strength-duration curves suggest a
chronaxie of about 0.15 millisecond. It is of the same order of
magnitude as the chronaxie of peripheral motor nerves. It is the
100- v same as the one deter-
mined by Harreveld,
Plesset, and Wiersmae
in their recent study on
electric narcosis. The
study of convulsive
thresholds with differ-
ent frequencies of stim-
ulation also shows the 5P- \ presence of a rapid ex-
citability. In fact, the
x threshold continues to
lower with the fre-
quency above 100 per
second.
Both findings con-
firm the opinion that
60' 90 120 150 ISO 210 o the optimum values of
MCtQUDICY pullse duration and fre-
Fig. 2. Strength-frequency curve determined on 2 rab- p da
bits. Each point corresponds to an average of several quency are very differ-
determinations made on both animals. Energy is expressed
in arbitrary units according to the V2f formula. The dura- ent from those used in
tion of each stimulus and the total duration of stimulation
were oonstant (respectively, 0.3 millisecond and 0.5 second). the present-day technics
of the electric shock
treatment. The use of brief stimulating pulses (about 30 times
shorter than those commonly used) is associated with a relatively
small increase of the voltage (less than twice) necessary for eliciting
the sameconvulsive effect aswith the classical technic. The quantity
of electricity considerably decreases under these conditions. If the
frequency is raised to the neighborhood of 120 per second, the
voltage necessary to produce convulsions is reduced from above 100
volts to less than 50 volts. The electrical energy decreases at least
10 times as a result of the shortening of the stimuli. The increase
of frequencyabove 100 per second permitsthe decrease of the neces-
sary energy to at least half ofthat formerly required.
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Conclusions
1. Strength-duration curves were determinedduring'a study of
the thresholds of electrically induced convulsions through the intact
skull on rabbits and guinea-pigs. When the duration of each stimu-
lus is shortened to one-thirtieth of the duration used in the present-
day electric shocktechnic, a relatively small increase of voltage (less
than twice) is necessary to produce the same convulsive effect.
2. The strength-frequency curves were determined in the same
conditions. The 60 per second stimulation applied in the present-
day electric shock technic is below the optimal rhythm which has
been found to be from 120 to 150 per second.
3. If expressed by the V2t formula the electrical energy output
may be decreasedatleast 20 times when the described "briefstimuli"
technic (0.3 millisecond stimuli; 120 per second) is used instead of
the dassical one.
4. It is suggested that a "brief stimuli" technic (individual
stimuli lasting between 1/6 and 1/3 of a millisecond) at from 120
to 150 per second be applied to the patient in order to produce con-
vulsions at a much reduced energy output and thereby decrease the
chances of damage to the brain.
5. The same considerations should be applied to "electro-
narcosis" technic.
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